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(54) FILTRATION SYSTEM AND METHOD FOR CLEANING THE INTAKE AIR OF A GAS TURBINE

(57) The invention relates to a filtration system, in
particular for the cleaning of the intake air of a gas turbine,
with a flow channel surrounded by walls with an inflow
opening and an outflow opening, a partition wall which
is positioned between the inflow opening and the outflow
opening and limited by the walls of the flow channel with
at least two filters for the cleaning of a fluid which flows
through the flow channel, wherein at least one first filter

which constitutes one single mounting unit is mounted
on the partition wall and at least one second filter which
again constitutes one single mounting unit is mounted
on the partition wall, characterised in that the second filter
is lying beside the first filter and the first and the second
filters overlap at least partially in one direction largely
vertically to the partition wall.
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Description

[0001] The invention relates to filtration in general and
in particular to an improved apparatus and method for
cleaning the intake air to be used in a gas turbine. A gas
turbine typically requires large quantities of intake air for
the combustion of fuel. The natural pollution of the sur-
rounding air results in a considerable impairment of the
turbine performance. For example, particles from the air
deposit on the compressor blades of the gas turbine and
lead to an imbalance or effect a change in the flow profile
of the compressor blades. Salt crystals or salt aerosols
contained in the air lead to corrosion in the gas turbine,
in particular on the turbine blades. These and other mech-
anisms lead to a strong reduction of the turbine perform-
ance and energy efficiency. For this reason, the intake
air is filtered to remove as much of the undesired con-
taminants as possible. Usually this is done by a larger
number of filters which are located in a filter house. The
filter house is connected to the gas turbine via a flow
channel through which the purified air is fed to the gas
turbine.
[0002] The filters are attached to at least one filter wall
which constitutes within the filter house the partition of a
relative raw gas area and a relative clean gas area in
relation to the respective filter wall. The filter can also be
called a matrix. The filter wall is sealingly connected to
the walls of the filter house and is limited by them with
regard to its height and width. The filter wall has openings
through which the air exchange between the raw gas and
the clean gas side can take place. The filters are installed
in front of or in these openings.
[0003] The filters can have different designs. For ex-
ample, filter cartridges, pocket filters and cartridge filters
in all different embodiments are used. It is also not un-
common that several filter walls are positioned one be-
hind the other in a series connection whereby the filter
class and the separation efficiency of the filter is generally
chosen in such a way that it increases from the first to
the last filter wall. The filter wall positioned on the inlet
side thus functions as a pre-filtration of the air for the
subsequent filtration stages.
[0004] All current filtration systems have in common
that the individual filters are only installed on one side of
the partition wall. Usually this is the respective raw gas
or dirty side of the filter walls. It is commonly considered
advantageous to also deinstall the loaded filters at a
standstill of the gas turbine from the raw gas side so that
any contaminants coming lose from the filters cannot
penetrate the clean gas area. The filters of the last filter
stage in the flow direction, however, are always installed
on the clean gas side of the filter wall.
[0005] Gas turbines are also used on offshore oil and
gas production platforms. They are used to generate
electricity for operating the platform or pumping and com-
pressing, respectively, the produced oil and gas. Due to
the confined space and the weight limitations of the plat-
form structures, the filter houses are being built smaller

and more compact as is usual in comparison to onshore
installations. Due to the smaller dimensions of the filter
houses, the dimensions of the filter walls are consequent-
ly also smaller and typically significantly fewer filters are
installed as would be usual with the same turbine model
onshore. Conversely, this means that the filters are op-
erated with a considerably higher volume flow of the air
to be filtered than onshore as the total volume flow is
determined by the gas turbine. Accordingly, gas turbines
operated offshore usually have a volume flow of approx.
7000 to over 8000 m3/h per filter whereas gas turbines
operated onshore usually have a volume flow of 3400 to
4300 m3/h.
[0006] With regard to gas turbines operated onshore,
there has been a trend to a higher-value filtration in recent
years. In particular, the use of EPA or HEPA filters ac-
cording to EN1822:2009 has proven to be advantageous
as the effect on the energy efficiency of the gas turbine
over the service life of the filter is very positive. An im-
provement of the filter medium’s filtration efficiency, how-
ever, in general also increases its differential pressure.
The differential pressure of a new filter is thus inter alia
a function of the filter medium and the volume flow ap-
plied. As the maximum differential pressure of a filter
house or the gas turbine itself is limited, a predetermined
number of filters installed results in a limitation of the filter
class. Due to the high volume flow of offshore gas tur-
bines, filters according to EN779:2012 or equivalent are
almost exclusively used. Higher-value filters according
to EN1822:2009 or equivalent have not yet become prev-
alent although their positive effect on turbine efficiency
would be desirable. In case of land-based gas turbines,
it is possible to reduce the volume flow per filter by en-
larging the filter house and consequently increasing the
number of filters. In case of offshore installations, how-
ever, this is not possible in most of the cases. The instal-
lation space, in particular with regard to existing plat-
forms, is simply limited. For example the height of each
deck on an offshore platform is fixed and a filter house
cannot be expanded across several decks. Multiple proc-
esses are tightly packed together with piping and cable
ducts filling up most of the space in-between. Increasing
the space of a filter house would therefore require a com-
plete redesign and rearrangement of multiple processes
and would be a major undertaking, if not even impossible.
[0007] Another problem is the service live of filters. This
is also a function of the volume flow in relation to the total
deployed media area of a particular grade within a filter
house. A longer service life of the filters is desirable in
that it extends the intervals in which the filters have to be
exchanged and thus increases the availability of the gas
turbine. In the early phase of the filter life, the filter differ-
ential pressure changes little in response to rapidly
changing environmental conditions, but towards the end
of the filter life a relatively small change in e.g. humidity
will result in a large and rapid increase in the differential
pressure of the filter, which can trigger the alarm or trip
limit of the turbine, leading to an unexpected shut down
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of the whole system. It is therefore desirable to change
the filters before they enter the unstable condition and to
avoid unexpected shut downs. Longer filter life not only
reduces the ratio of unstable to stable operating condition
of the filters, it also allows for a filter change before the
unstable phase is entered. Thus the filter system will de-
liver better process reliability by increasing the deployed
filter media area.
[0008] The invention has for its object to increase the
number of filters in parallel order on a partition wall within
a flow channel without having to enlarge the dimensions
or cross section of the flow channel or partition wall.
[0009] The invention comprises a filtration system, in
particular for cleaning the intake air of a gas turbine, in-
cluding a flow channel surrounded by walls with an inflow
opening and an outflow opening, a partition wall which
is positioned between the inflow opening and the outflow
opening and limited by the walls of the flow channel, and
at least two filters or filter elements for purifying a fluid
flowing through the fluid channel, whereby at least one
filter is installed on the partition wall and at least one
further filter is installed on the partition wall.
The flow channel has the purpose of leading a fluid flow,
in particular a gas or air flow including tiny little particles
such as dust, powder or salt spray, from the inflow open-
ing to the outflow opening. It has walls which separate
the fluid flow from the surrounding medium outside of the
flow channel, usually ambient air, and prevent a mixing
with the latter. The fluid to be purified enters the flow
channel through the inflow opening under pressure and
leaves it through the outflow opening. The outflow open-
ing of the flow channel is usually connected to a consum-
er, in particular a gas turbine, which is fed with the fluid
flow. Inside the flow channel, a partition wall is positioned
largely transversely to the fluid flow and is completely
fluid-tightly connected to the walls of the flow channel,
thus providing a partition plane within the flow channel
transverse to the direction of the fluid flow. By this ar-
rangement, the fluid flow is led through the opening in
the partition wall and the filters attached to it, respectively.
The fluid flow is thereby purified. The partition wall thus
constitutes a separation between a relative dirty side and
a relative clean side of the flow channel as the filters
reduce the number of particles contained in the fluid flow.
[0010] According to a preferred teaching of the inven-
tion, at said partition wall a first sort or type of filters, each
of which filters constituting one single mounting unit, is
attached so as to extend basically at the dirty side of the
flow channel. Further, a second sort or type of filters,
again each of which constituting one single mounting
unit, is attached at said partition wall so as to extend
basically at the clean side of the flow channel.
[0011] The invention is based on the recognition that,
as a result of installing the filters on one single side of a
filter wall, these filters must be placed side by side. The
external dimensions of the filters, in particular their width
and height, thus determine the maximum number of fil-
ters which can be installed on a filter wall of a certain

width and height. With the solution according to the in-
vention, there is no such limitation.
[0012] Mounting of the filters can be made for the first
filter from the dirty/inlet side and for the second filter from
the clean/outlet side of the flow channel. Alternatively,
mounting of the filters can be made for the first filter from
the dirty/inlet side and for the second filter from the
dirty/inlet side of the flow channel, too. During such al-
ternative mounting process the second filter just has to
be moved from the dirty/inlet side of the flow channel
trough the second opening to the clean/outlet side of the
flow channel. By means of this solution it is not necessary
to access or step in the clean/outlet side of the flow chan-
nel for mounting of the second filter. Preferably, the filters
have a frame with which they are affixed to the partition
wall. The frame of the filters is fluid-tight and provides
mechanical stability to the filter. It furthermore holds the
filter medium in position. The fluid flow is fed into and out
of the filter medium through openings in the frame. Pref-
erably, a part of the frame of a filter completely surrounds
an opening in the partition wall. Preferably, each filter is
fluid-tightly attached to the partition wall. According to
the invention, the second filter is lying beside the first
filter and the first and second filters overlap at least par-
tially in one direction largely or mostly vertically to the
partition wall. This way both filters together require less
space on the partition wall. The space between the open-
ings in the partition wall is thus smaller. Preferably, this
way the number of openings in the partition wall can be
increased and, as a result, more filters can be installed.
At a constant total volume flow of the fluid, the volume
flow per filter is thus reduced. The lower volume flow per
filter results in a longer service life of the filters and in a
lower differential pressure. Preferably, the area in which
the frames of a first and a second filter overlap in one
direction largely vertically to the partition wall amounts
to at least 2% of an overall projected area of filtration in
the partition plane constituted by the partition wall. Fur-
ther preferred, the area in which the frames of a first and
a second filter overlap amounts to at least 5%, 10%, 15%,
and mostly preferred 20% of the overall projected area
of filtration in the partition plane. Preferably, the filters
are arranged in at least one row. Further preferred, the
filters are arranged in several parallel rows. Preferably,
the filters of the at least one row are alternately affixed
from the dirty side and from the clean side, or respec-
tively, the filters of the at least one row alternately basi-
cally extend to the dirty side and the clean side. Prefer-
ably, the filter elements are arranged in several parallel
first rows and second rows inclined thereto. Preferably,
the filters of the first parallel rows as well as of the second
rows inclined thereto are alternately affixed from the dirty
side and from the clean side, or respectively, the filters
of the first parallel rows as well as of the second rows
inclined thereto alternately basically extend to the dirty
side and the clean side. Preferably, the inclined second
rows are arranged vertically to the first rows. Preferably,
the filters have a largely round, oval, rectangular, square
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or polyangular cross section. Preferably, the filters con-
tain folded or embossed filter media. Preferably, the fil-
ters have one of the filter classes G, M or F according to
EN779:2009 or one of the filter classes EPA1, HEPA2
or ULPA3 according to EN1822:2012. Wherein "EPA"
means "Efficient Particulate Air filter", "HEPA" means
"High Efficiency Particulate Air filter" and "ULPA" means
"Ultra Low Penetration Air filter" Preferably, the fluid is a
gas, air or a liquid. Preferably, the outflow opening is
connected to a fluid consumer which preferably is a com-
pressor, gas turbine, pump or building, automotive, or
process ventilation system. Preferably, the filter media
contained in the filters have an asymmetric structure in
the flow direction. Preferably, the filter media include at
least one membrane layer. Further preferred, the filter
media have a multi-layer structure.
The invention furthermore comprises a method in partic-
ular for cleaning the intake air of a gas turbine by means
of a flow channel surrounded by walls with an inflow open-
ing and an outflow opening, a partition wall which is po-
sitioned between the inflow opening and the outflow
opening and limited by the walls of the flow channel, and
at least two filters for purifying a flowing fluid, character-
ised in that at least one filter is installed or mounted at
the partition wall and at least one further filter is installed
at the partition wall, the second filter is lying beside the
first filter and the first and the second filter overlap at least
partially in one direction largely vertically to the partition
wall.
[0013] The invention further refers to a filter holder, for
affixing at least two filters or filter elements, each of which
filter elements constituting one single mounting unit, to
a filter arrangement, in particular of a turbine. The filter
arrangement allows for a fluid to flow through the at least
two filters from a dirty side to a clean side. According to
the invention the filter holder’s design allows for the
mounting of at least one filter or filter element on the dirty
side and at least one filter or filter element on the clean
side.
[0014] Preferably, the filter holder according to the in-
vention is designed as one or more vertical or horizontal
support strut. Further preferred, the related support struts
are arranged in a plane and form a filter wall together
with the filters. Preferably, the filter holder is designed
with several support struts two of which support a filter
at its opposite edges respectively. Preferably, the filter
holder holds several filters at the dirty side and at the
clean side, respectively, whereby these filters are ar-
ranged in a row. Preferably, the filter has a frame to be
affixed to the filter holder comprising a filter media packet
inserted therein. Preferably, the filter, in particular the
frame, planarly connects to the filter holder in sections.
Preferably, the filter juts out over the filter holder at the
dirty side and at the clean side. Preferably, the filter has
a filter element which is v-shaped in cross section.
[0015] The invention is also directed to the use of a
filter holder for affixing at least one first filter to the dirty
side and at least one second filter to the clean side of a

filter wall, in particular of a gas turbine.
[0016] Moreover, the invention preferably concerns a
method for affixing at least one first filter and at least one
second filter to a filter wall, in particular of a gas turbine,
whereby the at least one first filter is mounted on a clean
side of the filter wall and the at least one second filter is
mounted on a dirty side of the filter wall. The invention is
furthermore directed to a filter set with at least one first
filter element adapted to be installed at a partition wall of
a filter system, and with at least one second filter element
adapted to be installed at the partition wall of the filter
system. The second filter element is lying beside the first
filter element and the first and the second filter elements
overlap at least partially in one direction largely vertically
to the partition wall. The second filter element is prefer-
ably designed with a filter frame whose related filter me-
dium is installed reversely compared to the first filter el-
ement, viewed in flow direction of fluid flowing through
the partition wall.
[0017] The invention solves the problem of increasing
the number of filter elements of a particular design in a
parallel arrangement on a filter wall in a filter house or
flow channel in order to thereby increase the filter class
or the service life of the filter without having to enlarge
the dimensions or cross section of the filter house/flow
channel and filter wall, respectively.
[0018] Filter elements where the filter medium is built
in a filter frame generally have an area of the filter frame
with which it is affixed to a partition wall. This area is
called a flange portion or header. In the filter house the
partition wall separates a relative dirty side and a relative
clean side. In general, the flange portion of the filter is
attached to the partition wall in a way that is impermeable
for the medium to be filtered so that the medium to be
filtered can only enter or escape through the remaining
openings in the filter frame. The flange portion of the filter
element surrounds the openings in the filter frame, is in
general sealingly attached to the filter wall and usually
surrounds one filter wall opening. Accordingly, the dirty
side and the clean side are in particular separated by the
filter frame seals on the partition wall.
[0019] The size of the flange portion of a filter is deter-
mined by various factors. On the one hand, a minimum
flange portion surface connecting to the filter wall is re-
quired for reasons of stability. On the other hand, a seal
attached to the filter frame or the filter wall occupies space
and must also lie within the flange portion.
It is common that compact cartridge filters are put through
an opening in the filter wall. In such case, the external
dimensions of the filter must be larger than the dimen-
sions of the opening in the filter wall in order to prevent
that it falls through to the other side of the filter wall. The
flange portion of the filter element thus establishes a pos-
itive joint to the filter wall.
[0020] Usually, the filter medium is connected to or cast
into the filter frame in the area of the flange portion or
directly adjacent to it. In this area, the filter frame is im-
permeable for the medium to be filtered. In particular in
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case of folded (pleated) filter materials, this area is a func-
tion of the pleat depth. In case of filter elements that are
typically used for gas turbines or air compressors, the
pleat depth usually ranges from 4 mm to 100 mm, in case
of compact cartridge filters and filter candles, it usually
ranges from 20 mm to 50 mm and in case of filter ele-
ments with two folded media packets arranged in a v-
shape, it usually ranges from 50 mm to 100 mm. Together
with the flange portion, the edge area of the filter element
which is impermeable for the medium to be filtered can
therefore be larger than 100 mm and the inlet or outlet
openings for the medium to be filtered can be positioned
at a distance of more than 100 mm from the edge of the
filter, respectively.
If two adjacent filter elements are arranged at a filter wall
so that one filter element is affixed to the dirty (raw gas)
side and an adjacent filter element to the clean (clean
gas) side, the respective frame areas of the first and sec-
ond filter element which are attached in a way that it is
impermeable for the medium to be filtered can in one
direction be arranged to one another in a way so that
they partly overlap, and this largely vertically to the filter
wall. By this arrangement, these filters need less space
on the filter wall and the distance of the respective filter
wall openings is reduced accordingly. However, the inlet
and outlet openings of the filter elements are ideally not
covered. At a constant volume flow, this configuration
has an approximately similar pressure drop across the
filter wall as in an arrangement of the filter elements on
one side.
[0021] The filter elements are in general arranged in
rows on a filter wall. Ideally, adjacent filter elements of a
row are alternately arranged on the dirty (raw gas) side
and the clean (clean gas) side. Depending on the dimen-
sions of the respective filter wall and the respective filter
dimensions, a filter row can contain more filter elements
in this two-sided arrangement than in a single-sided ar-
rangement of the same filter elements. Altogether, a filter
wall can thus contain more filter elements and, at a de-
fined total volume flow, the latter is accordingly divided
to more filter elements than in case of a conventional
single-sided installation of the filter elements.
[0022] A lower volume flow per filter element is advan-
tageous for many reasons. On the one hand, the service
life of the filter elements is extended as the quantity of
particles to be filtered per time unit is reduced propor-
tionally. On the other hand, the pressure drop across the
entire filter stage filter wall (filter wall and filter elements)
is reduced as it depends on the volume flow per filter
element. A lower pressure drop has in turn several ad-
vantages. It is e.g. possible to install filter elements with
a higher separation efficiency or higher filtration class
which would normally create too much differential pres-
sure across the filter stage (filter wall and filter elements)
filter wall due to the higher flow resistance. For instance
gas turbines which are used on offshore oil and gas pro-
duction platforms are mainly equipped with pocket filters
of a filtration class according to EN779:2009 which are

operated at very high volume flows in the area of approx-
imately 7000 m3/h to more than 8000 m3/h. A higher-
value filtration with EPA, HEPA or ULPA filters according
to EN1822:2012 is not convenient at such high volume
flows per filter element. The maximum differential pres-
sure limit would either be reached after a very short load-
ing time of the filters or would already be too high for new
filters or the filter house (cross section flow channel) and
the filter wall would have to have considerably larger di-
mensions in order to reduce the volume flow per filter
element. However, due to the confined space and the
maximum admissible load capacity of the platforms, this
is not possible.
[0023] Another advantage of a lower pressure drop
across the filter stage (filter wall and filter elements) is
that the energy efficiency of the gas turbine is higher in
comparison to a filter stage with a higher differential pres-
sure.
[0024] A lower initial differential pressure of newly in-
stalled filters furthermore means that the filters can be
operated for a longer time before the differential pressure
reaches the maximum admissible differential pressure
due to the loading with particles. The differential pressure
range is thus higher in comparison to a filter stage (filter
wall and filter elements) with a higher initial differential
pressure. In addition the filters can be changed before
they reach their unstable phase in which the filter differ-
ential pressure responds strongly to changing environ-
mental conditions. Thus unexpected shut downs are re-
duced and the overall system reliability is increased.
[0025] The two-dimensional arrangement of the filter
elements on a filter wall is frequently implemented in the
form of parallel rows. Mostly, the filters are arranged in
second rows which are typically vertical to the first rows.
These vertical rows are also parallel to each other. It is,
however, also possible to arrange the second rows in an
inclined angle to the first rows. The filter elements thus
form a matrix on the filter wall. As already described
above, it is advantageous to arrange the adjacent filter
elements in a row alternately on both sides of the filter
wall.
There are two variants of the two-dimensional arrange-
ment of the filter elements on a filter wall. The two variants
have in common that the filter elements in the first rows
(parallel to each other) are alternately arranged on the
dirty (raw gas) side and the clean (clean gas) side of the
filter wall. In the first variant, the filters in the second rows
that are inclined to the first rows are only affixed to one
side of the filter wall. This has the advantage that this
arrangement is compatible with most of the conventional
filter elements and, at the same time, a quite high degree
of overlapping between the individual filter elements is
already achieved. In particular rectangular cartridge fil-
ters or v-shaped filter elements have the main part of
their medium-tight frame edge area at only two opposite
sides of the frame flange portion. This is due to the fact
that the folded (pleated) filter packets are in this area
sealingly connected to the filter frame across the entire
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pleat depth. In the direction at an angle of 90 degrees
thereto, the area of the folded (pleated) filter medium
packets to be sealed is relatively small.
[0026] In a second variant of the two-dimensional ar-
rangement of the filter elements on a filter wall, each filter
adjacent to a first filter is attached to the side of the filter
wall opposite to the first filter. This has the advantage
that a maximum overlapping of the flange portions of the
first filter is possible. In some cases, the filtration efficien-
cy of filter media depends on the direction. In other words,
the filtration efficiency, such as filtration class or service
life, depends on the direction in which the fluid flows
through the filter medium. The reason for this may be a
gradual structure or a multi-layer structure of the filter
medium where the individual layers have different fea-
tures. In particular filter media with a microporous mem-
brane often have such a multi-layer structure
(EP1674144).
[0027] If the filter elements are arranged on the dirty
(raw gas) side as well as on the clean (clean gas) side
of a filter wall according to the invention, the flow direc-
tion, in particular with regard to otherwise identical filter
frames, depends upon on which side of the filter wall such
are installed. When using direction-dependent filter me-
dia and in particular multi-layer filter media, the filter el-
ement therefore has to be installed in a way that the flow
direction determined by the arrangement of the filter el-
ement on the filter wall is identical to the flow direction of
the filter medium.
[0028] Example: A filter type which is typically used for
filtering the intake air of gas turbines is a so-called "ASC4
filter". This can have a simple v-shaped design or also a
two-part form. The filter is affixed to the filter wall and
sealed. The conventional arrangement is to install the
filter elements on the raw gas side of a filter wall. The
number of filter elements is determined by the width of
the filter frames and by the dimension of the filter wall.
The width of the outlet opening of this filter type is ap-
proximately 40% of the overall width of the filter. The
overlapping flange portion in relation to an adjacent filter
thus amounts to approximately 30% of the overall width
of the filter element. In this precise case, a two-sided
arrangement according to the invention allows for the
installation of at least eight filter elements on a filter wall
on which originally only six filter elements could be
mounted side by side in one row, without limiting the in-
flow or outflow openings of the filter elements.
[0029] The invention further has for its object, a means
of reducing the overall nett volumetric geometry and as-
sociated system weight, whilst meeting or exceeding the
existing technological specification. Therefore within the
concentration of the technology is a significant onward
benefit to industrial markets. By geometric volume the
traditional filter system box which houses the filter ele-
ments represents the largest single assembly supplied
as an ancillary for the gas turbine. Indeed for all air treat-
ment systems and across all sectors (turbine machinery,
pollution control devices, HVAC, diesel engines, com-

pressor) a significant problem is posed due to the phys-
ical size / geometry and its respective mobilisation to the
end site and final design integration into the plant. On
marine vessel ships such as FLNG, LNG carriers, fast
ferry and passenger cruise liners gas turbines and diesel
engines are used to produce power for propulsion where
the engine drives the propeller shaft. Thus engine room
space is a function of overall turbine package size and
respectively the intake filter house. The invention there-
fore allows for a lower filter house dimension and conse-
quently the smaller use of the limited engine room cavity
can result in additional passenger capacity with the same
dimensions, or increase the cargo capacity on a LNG or
freight carrier. For smaller ships such as fast ferry cata-
marans (typical 325-foot) the smaller and lighter by
weight filter box system will allow designers greater flex-
ibility to integrate the system into this very compact setup
without comprise to the air quality. Due to the global na-
ture of the respective markets; it is typical that filter hous-
ings will be required to transport internationally from the
point of manufacture to the end destination. It is common
that this will see repeated cross continent shipment.
Since the system is in almost all cases transported as
finished goods the bulk of the equipment incurs signifi-
cant transportation costs and associated disruption. The
invention therefore allows for significant market cost ef-
ficiencies for the many thousands of systems which are
transported annually.
[0030] In some cases, it might be desirable to utilize
the benefits of the invention, but at the same time to main-
tain the original filter house set up and to not modify the
partition. This could be the case, when the benefits of
the invention need to be tested initially by the user, while
keeping the option open to revert back to the original set-
up with the original filter elements. For those cases it is
proposed to install adapter plates, to cover the existing
holes of the partition. Preferably, the adapter plates have
similar dimensions to the filter frame, which mounts to
the partition. They could even have similar flange areas
and even have a gasket attached to them, just like the
original filter element. In that case, the original fixtures
can be used to attach the adapter plate to the partition
and to ensure an airtight seal between them. While it is
a removable solution, the adapter plates could also be
installed by permanently fixing them to the partition by
means of e.g. welding, soldering, or gluing. The adapter
plates themselves have again openings that allow attach-
ing adjacent filter elements alternating from the clean
side and from the dirty side. Preferably adjacent filter
elements are installed on the adapter plate in a way, that
the filter frames overlap in a direction perpendicular to
the adapter plate. Preferably the closed area of the filter
frames overlap as much as possible. Compared to the
original set-up it maximizes the open area through which
air can pass through the partition once the filters are in-
stalled and in addition it enables the total filter area to be
increased.
[0031] In environments with high humidity or with high
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water droplet content in the air, like e.g. off-shore or in
tropical regions, a high degree of water is collected by
the filter media. Especially hydrophobic or even water
tight filter media accumulate water on its upstream side.
If the filter element is installed on a vertical filter wall (par-
tition), water drainage becomes an issue against the air
flow direction. In order to promote water drainage, a slight
inclination of the filter element relative to the horizontal
plane of the filter house is desired (WO2012038317). In
cases where the filter elements are installed directly onto
the filter wall, it might be desirable to incline the filter wall
or parts of it in a way that it is angled less than 90 degrees,
preferably less than 85 degrees, relative to the horizontal
plane. In cases where adapter plates are used to mount
filters to the filter wall (partition), the adapter plates can
be shaped in a way that the mounting surface for the filter
elements and the mounting surface for the filter wall form
an angle larger than 0 degrees preferably larger than 5
degrees. The adapter plates can consist of several parts,
but preferably they are formed as one part to avoid ad-
ditional flanged sections. As a further alternative the filter
elements themselves can be shaped in a way that water
drains from them by gravity.
[0032] The filter wall (partition) and in particular the
adapter plates can have different shapes. In the most
common situation, they are of a planar shape. But in
some cases it might be desirable that the mounting sur-
face for the filter elements is curved. Especially in a sit-
uation where the spacing of filter elements is not even,
a slight angle change of the individual filer elements could
reduce the overall pressure drop of the system. Further-
more the loading characteristic of the uneven spaced fil-
ter elements will improve. The angled arrangement of
the individual filter elements will lead to a harmonized
flow distribution between the filter elements and therefore
will lead to an even loading across all filter elements. This
will result in an overall longer service live of the filter set
installs in such a configuration. Accordingly, the invention
further refers to a filtration system, particularly for clean-
ing of intake air of a gas turbine, comprising: a flow chan-
nel with an inlet opening and an outlet opening, a partition
with at least one opening between a dirty side and a clean
side, which is positioned in-between the inlet opening
and an outlet opening, and limited by the walls of the flow
channel, at least one adapter plate with at least two open-
ings, which covers the opening of the partition, and at
least two filter elements for the cleaning of the fluid pass-
ing through the flow channel, characterized in that at least
one first filter element is mounted to a first opening of the
adapter plate on the dirty side and at least one second
filter element is mounted to a second opening of the
adapter plate on the clean side. According to the inven-
tion, the first and second filter element are partially over-
lapping in a direction largely perpendicular to the adapter
plate. Further preferably, the overlap of frames of the first
and the second filter element in a direction largely per-
pendicular to the adapter plate is at least 5% of the total
projected filter area in the plane of the adapter plate or

the partition.
In addition, the invention refers to a process for cleaning
the intake air of a gas turbine, comprising: a flow channel
with an inlet opening and an outlet opening, a partition
with at least one opening between a dirty side and a clean
side, which is positioned in-between the inlet opening
and an outlet opening, and limited by the walls of the flow
channel, at least one adapter plate with at least two open-
ings, which covers the opening of the partition, and at
least two filter elements for the cleaning of the fluid pass-
ing through the flow channel, whereby at least one first
filter element is mounted to a first opening of the adapter
plate on the dirty side and at least one second filter ele-
ment is mounted to a second opening of the adapter plate
on the clean side.
[0033] According to the invention, there further is pro-
vided a filter set with at least one first filter element, con-
stituting a single mounting unit and being adapted to be
mounted at a first opening on the dirty side of an adapter
plate of a filter system, and at least one second filter
element constituting a single mounting unit and being
adapted to be mounted at a second opening on the clean
side of an adapter plate of a filter system. Further, the
invention teaches a filter set with an adapter plate, at
least one first filter element installed at a first opening on
the dirty side of the adapter plate, and at least one second
filter element installed at a second opening on the clean
side of the adapter plate, whereby the filter media of the
first and second filter element is in parallel configuration
in respect to the flowing media.
[0034] For safety reasons it is preferred to eliminate
access doors on the clean side of the filter house and to
install all filters from the dirty air side only. With that, the
risk is reduced that foreign objects remain on the clean
side and get sucked into the turbine, which could cause
substantial damage.
[0035] In an even more preferred implementation of
the current invention the filter wall includes preferably
horizontal holding beams which constitute a filter holder.
A first set of filter elements is mounted to these holding
beams so that the filter elements protrude into the clean
side of the filter house. The filter elements are mounted
in rows, whereby each second row between two mount-
ing beams is left vacant or open. These first filters ele-
ments are preferably positioned relative to the holding
beams by positioning pins, which protrude perpendicu-
larly from the holding beams to the dirty side. A second
set of filter elements is mounted to the holding beams at
the vacant rows in-between the first filter elements so
that the filter frames of both filter sets overlap partially.
The second set of filters protrudes into the dirty air side
of the filter house. With this arrangement, filter elements
of the first set and the second set are alternating and are
mounted directly adjacent.
[0036] The filter elements are sealed to the mounting
beams of the filter wall, as well as directly to each other.
Preferably a compressible gasket in the form of a strip
including a sealing lip is used to form that seal. The gasket
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is preferably part of the filter frame of each filter element.
The gasket strip advantageously is located at the flange
portion of the filter frame, preferably surrounding the filter
opening encompassed thereby. In a preferred implemen-
tation the gasket of the first filter protrudes or projects
outward from the filter frame so that it forms an overlap
with the gasket of the second filter and with the filter wall.
[0037] Preferably, the frame parts are made of poly-
meric material by means of an injection moulding proc-
ess. More preferably, the gasket is formed to or attached
to the filter frame by means of this injection moulding
process as well (multicomponent injection moulding
process) or by means of a second injection moulding
process. Preferably, a bi-component injection moulding
process is used so that the frame and the gasket are
moulded together in a single step. This will allow for much
tighter tolerances compared to a process at which the
gasket is positioned to the filter frame at a second step.
[0038] Hereinafter, exemplary embodiments of the so-
lution according to the invention are described in further
details by reference to the enclosed drawings and the
schematic figures shown therein. Short description of the
figures:

Fig. 1: Top view of a type A cartridge filter of prior art.
Fig. 2: Front view II according to Fig. 1.
Fig. 3: Rear view III according to Fig. 1.
Fig. 4: Front view of a type B cartridge filter of prior

art.
Fig. 5: Top view in section of a filter with a v-shaped

design of prior art.
Fig. 6: Rear view VI according to Fig. 5.
Fig. 7: Front view VII according to Fig. 5.
Fig. 8: Top view in section of a filter house including

a filter wall of a first version of prior art.
Fig. 9: Top view of Fig. 8 with installed cartridge fil-

ters according to Fig. 4.
Fig. 10: Top view of Fig. 8 with installed cartridge fil-

ters according to Fig. 1 to 3.
Fig. 11: Top view in section of a filter house including

a filter wall of a second version of prior art.
Fig. 12: Top view of Fig. 11 with installed filters ac-

cording to Fig. 5.
Fig. 13: Top view in section of a filter house including

a filter wall according to a first embodiment of
the invention.

Fig. 14: Top view of Fig. 13 with installed cartridge
filters according to Fig. 4.

Fig. 15: Top view of Fig. 13 with installed cartridge
filters according to Fig. 1 to 3.

Fig. 16: Top view in section of a filter house including
a filter wall according to a second embodi-
ment of the invention.

Fig. 17: Top view of Fig. 16 with installed filters ac-
cording to Fig. 5 to 7.

Fig. 18: Front view in section of a filter house with a
view to a filter wall according to a version of
prior art and as used for the invention.

Fig. 19: Front view of a first embodiment of an adapter
plate according to the invention.

Fig. 20: Front view of Fig. 18 with installed adapter
plates according to Fig. 19.

Fig. 21: Top view of the adapter plate according to
Fig. 19 with installed v-shaped filter elements
according to Fig. 5 to 7.

Fig. 22: Side view XXII according to Fig. 21.
Fig. 23: Side view of a second embodiment of an

adapter plate according to the invention.
Fig. 24: Side view of Fig. 23 with installed v-shaped

filter elements according to Fig. 5 to 7.
Fig. 25: Top view of a third embodiment of an adapter

plate according to the invention.
Fig. 26: Top view of Fig. 25 with installed v-shaped

filter elements according to Fig. 5 to 7.
Fig. 27: Top view in section of a v-shaped filter ele-

ment type C according to the invention.
Fig. 28: Front view XXIIX of the filter element accord-

ing to Fig. 27.
Fig. 29: Back view XXIX of the filter element according

to Fig. 27.
Fig. 30: Top view in section of a v-shaped filter ele-

ment type D according to the invention.
Fig. 31: Front view XXXI of the filter element accord-

ing to Fig. 30.
Fig. 32: Back view XXXII of the filter element accord-

ing to Fig. 32.
Fig. 33: Front view in section of a filter house with the

view onto a filter wall according to a forth em-
bodiment of the invention.

Fig. 34: Front view of Fig. 33 with filter elements ac-
cording to Fig. 27 to 29 installed onto the filter
wall.

Fig. 35: Front view of Fig. 34 with filter elements ac-
cording to Fig. 30 to 32 installed onto the filter
wall.

Fig. 36: Front view of Fig. 35 with side closures in-
stalled onto the filter wall.

Fig. 37: Top view in section of the filter house accord-
ing to Fig. 35.

Fig. 38: Detailed view in section of a sealing arrange-
ment of a filter element at the filter wall as
shown in Fig. 34.

Fig. 39: Detailed view of Fig. 38 of both types of filter
elements at the filter wall as shown in Fig. 35.

[0039] Figs. 1 to 7 show various filters 100 which are
typically used for filtering air or gases. The filters 100 are
build as separate mounting units to be mounted to re-
spective filter arrangements and can also be called just
"cartridge filter" or "filter element". The filters 100 are inter
alia used for filtering the intake air of gas turbines or air
compressors as well as for filtering the air in buildings or
technical gases. Each filter 100 includes a filter frame
118 which encompasses a filter medium 128. At the filter
frame 118 a plat, planar, rectangular and frame-like
flange portion 130 is provided at which the filter frame
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118 can be attached at a filter wall 108 (see Fig. 8 to 10).
A seal 120 is located at the flange portion 130 such that
it seals the filter frame 118 relative to the filter wall 108
and surrounds the flange portion 130.
[0040] Figs. 1 to 4 show two designs of so-called car-
tridge filters, whereby Figs. 1 to 3 show a type A cartridge
filter 102 and Fig. 4 shows a type B cartridge filter. The
type A cartridge filter 102 is characterised in that the
flange portion 130 with the seal 120 is largely positioned
in the middle of the cartridge filter 102. This is clearly
shown in Fig. 1. In other words, the flange portion 130 is
a part of the filter frame 118 and serves the purpose of
affixing the cartridge filter 102 completely sealed to a filter
wall 108. Preferably, the filter frame 118 is impermeable
for the medium to be filtered.
[0041] The medium to be filtered enters the filter me-
dium 128 in the cartridge filter 102 at a dirty side 122
through inlet openings 126 in the filter frame 118 and is
thereby purified. Fig. 2 and 10 shows this in great detail.
Afterwards, the filtered medium flows out of the cartridge
filter 102 at the backward side of the filter 102 through
outlet openings 127 to a clean side 124. This is shown
in Fig. 3. The filter medium 128 is folded or pleated and
has the form of in cross section rectangular media pack-
ets 132 which are arranged in a v-shape and are sealingly
connected to the filter frame 118 at their edges. The open
side of two media packets 132 which are both arranged
on the clean side 124 in a v-shape leads to the inlet open-
ings 126 in the filter frame 118. The inlet openings 126
and the outlet openings 127 have a certain distance to
an filter edge 129 which is clearly shown in Figs. 2 to 3.
In this way, they are surrounded by a closed edge area
134 constituting inter alia the flange portion 130 of the
filter frame 118. Type B cartridge filters 104 only differ
from type A cartridge filters 102 in that the flange portion
130 is in longitudinal direction largely positioned at one
end, here at the front end, of the filter element 104. Fig.
4 shows the front view of such a filter element 104 where
eight media packets 132 are arranged in pairs in a v-
shape so that the front view (Fig. 4) shows four inlet open-
ings 126 in the filter frame 118. Fig. 4 also shows that
the inlet openings 126 have a certain distance to the filter
edge 129 of the filter element 104 and that, as a result,
there is a closed edge area 134 which surrounds all open-
ings 126. The mounting situation of these type B filter
elements 104 is shown in Fig. 9.
[0042] Figs. 5 to 7 show various views of a filter element
106. Fig. 5 shows the top view in section, Fig. 6 the rear
view and Fig. 7 the front view. The filter element 106
includes a flange portion 130 which is a part of a filter
frame 118 and serves the purpose of affixing the filter
element 106 to a filter wall 108 (see Fig. 11 and 12).
Preferably, the filter frame 118 is impermeable for the
medium to be filtered and has several purposes. It pro-
vides mechanical stability to the filter element 106 and
holds the media packets 132 in position. The medium to
be filtered enters the filter medium in the filter element
106 through its inlet openings 126 in the filter frame 118

and is thereby purified. Afterwards, the filtered medium
flows out of the filter element 106 through outlet openings
127. This is shown in Fig. 6. The filter medium 128 is
folded/pleated and again has the form of two media pack-
ets 132 which are arranged in a v-shape and are sealingly
connected to the filter frame 118 at their edges. The open
side of the two media packets 132 leads to one single
rectangular inlet opening 126 in the flange portion 130
of the filter frame 118. The inlet openings 126 again have
a certain distance to the filter edge which is clearly shown
in Fig. 6. In this way, they are surrounded by a closed
edge area 134 of the filter frame 118 and the seal 120
incorporated therein.
[0043] Figs. 8 to 17 each show the top view in section
of a filter house 110 bounded by walls 142. The filter
house 110 provides a flow channel which has an inflow
opening 146 and an outflow opening 148 for a medium
to be filtered flowing through the flow channel along a
flow direction 140. The outflow opening 148 is usually
connected to a consumer for the purified fluid. A filter wall
108 is positioned transversely or crosswise to the flow
direction 140 of the medium to be filtered and is limited
by the walls 142 of the filter house 110. The filter wall
108 is shown from above in the sectional view. It has a
raw gas/dirty side 122 facing the raw gas/dirty area 112
of the filter house 110 and a clean gas/clean side 124
facing the clean gas/clean area 114 of the filter house
110. The filter wall 108 has openings 116 through which
the medium to be filtered flows from the dirty side 122 to
the clean side 124. The walls 142 of the filter house 110
can contain access doors 144. Figs. 9, 10 and 12 each
show a filter house 110 where various filter elements 100
are mounted on one single side of the filter wall 108 ac-
cording to the state of the art; in this case on the dirty
side 122 of the filter wall 108. The maximum number of
filter elements installed horizontally is determined by the
width of the filter elements 100. In Fig. 9 there are seven
type B filter elements 104, in Fig. 10 there are seven type
A filter elements 102 and in Fig. 12 there are sixteen filter
elements 106. Fig. 8 and 11 each show a filter house 110
for the installation of the filter elements 102 and 104 or
106 respectively according to the state of the art, at which
the filter elements 102 and 104 and 106 are not depicted.
[0044] Figs. 14, 15 and 17 each show a filter house
110 where various filter elements 100 are alternately ar-
ranged on both sides of the filter wall 108 according to
the invention. The arrangement is based on the aware-
ness that the maximum number of filter elements in-
stalled horizontally is not only determined by the width
of the filters 100 but also by the dimensions of the closed
edge area 134 of the respective filters 100, as shown in
Figs. 1 to 7. As a result, according to the invention the
number of filters 100 which can be mounted to a filter
wall 108 with an unaltered width is increased. In Fig. 14
there are eight filter elements 104, in Fig. 15 there are
eight filter elements 102 and in Fig. 17 there are 25 filter
elements 106. Fig. 13 and 16 each show a filter house
110 for the installation of the filter elements 102 and 104
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or 106 respectively according to the invention. However,
the filter elements 102 and 104 and 106 are not depicted.
[0045] Fig. 18 shows the front view of a filter house
110 in section which was originally designed for the in-
stallation of cartridge filters 102 and 104 according to the
state of the art. The filter wall 108 is limited by the walls
142 of the filter house 110 and contains thirty-five rec-
tangular openings 116. The openings 116 in the filter wall
are arranged in rows whereby five horizontal rows 136
or lines as well as seven vertical rows 138 or columns
are parallel to each other.
[0046] Fig. 19 shows the front view of an adapter plate
150 which is to be slated for fixing filters 100 to the filter
wall 108 of Fig. 18. The adapter plate 150 contains one
or more openings 152, to which filters 100 can be mount-
ed from the front or back side. Fig. 20 shows the view of
Fig. 18 when the adapter plates 150 are fitted to the open-
ings 116 of the filter wall 108 in a way that the filtration
air must pass the openings 152 of the adapter plates 150.
As one can see, one adapter plate 150 is superposed on
one opening 116 respectively. Thus, the openings 152
of the adapter plates 150 are each covering the openings
116 of the filter wall 108.
[0047] Fig. 21 is the top view of five v-shaped filter el-
ements 106, as they are mounted to the adapter plate
150. Two of the filer elements 106 are mounted on the
dirty side 122 of the adapter plate and three of the filter
elements 106 are attached to the clean side 124 of the
adapter plate. Thereby the filter elements 106 are ar-
ranged alternately, each filter element 106 congruent to
one of the five openings 152. In this way, a front mounting
surface 151 and a rear mounting surface 153 of the
adapter plate 150, each surrounding the openings 152,
is optimally exploited for fixing thereon as many filters
100, here v-shaped filter elements 106, as possible. Fig.
22 illustrates that by a side view of the v-shaped filter
elements 106 mounted to the adapter plate 150.
[0048] In Fig. 23 an adapter plate 150 of a further em-
bodiment is depicted, at which the front and rear mount-
ing surfaces 151 and 153 for the filter elements 106 are
angled or inclined to a closed edge area 155 of the adapt-
er plate 150. The closed edge area 155 surrounds the
adapter plate 150 at its outer rim and includes a seal 120
similar to the seal 120 of the filters 100. The closed edge
area 155 thus provides a mounting surface of the adapter
plate 150 to the filter wall 108. Fig. 24 shows an adapter
plate 150 at which corresponding v-shaped filter ele-
ments 106 are mounted on the dirty side 122 and on the
clean side 124. The angled positioning of the respective
front and rear mounting surfaces 151 and 153 allows for
an inclined installation of filter elements 106 relative to
the plane of the filter wall 108. At the inclined filter ele-
ments 106 water drops which were kept back within the
filter medium 128 of the filter media packets 132 is
drained to the dirty side 122 and out of the filter elements
106.
[0049] Figs. 25 and 26 are top views of a further em-
bodiment of an adapter plate 150 and five v-shaped filter

elements 106, which are mounted to said adapter plate
150. The front and rear mounting surfaces 151 and 153
of the adapter plate 150 at which the filter elements 106
are installed are curved in a horizontal direction to the
clean side 124 of the corresponding filter house 110. In
contrast, the closed edge area 155 of the adapter plate
150, which can be mounted to the filter wall, is flat. By
mounting the filter elements 106 on such a front mounting
surface 151, which is concavely curved, and on such a
rear mounting surface 153, which is convexly curved, it
is possible to spread the between the filter elements 106
on the clean side 124 providing more space and therefore
less pressure resistance for the fluid flow on the clean
side 124.
[0050] In Figs. 27 to 29 a further v-shaped filter element
154, here of a type C, is shown. The filter element 154
again includes a rather cubical or cuboid filter frame 118
with an inlet opening 126 on one of its frame sides to be
attached to a filter wall 108 (see Fig. 33 and 34). Within
the filter frame 118 a filter medium 128 is located as a
filter media packet 132. The filter frame 118 also consti-
tutes the front-side, the upper side, the lower side and
the back-side of the filter element 154 holding the filter
medium 128 therebetween in a rather large v-form in
cross-sectional view (Fig. 27). The filter element 154 is
to be mounted to a corresponding filter wall 108 as a
downstream version filter, i.e. the v-form of the v-shaped
filter medium 128 will be directed to the downstream or
clean gas/clean side 124 when the filter element 154 is
finally mounted at the filter wall 108 (see Figs. 34 and
37). Therefore, the filter element 154 includes two outlet
openings 127 on its side surfaces directed to the clean
side 124.
[0051] On the rectangular close edge area 134 of the
filter frames 118 of the filter element 154 a seal 120 is
provided on its upper and lower horizontal edge, each in
the form of a linear gasket 166. The gaskets 166 further
have a gasket overlap 158 on each of their horizontal
ends, the gasket overlap 158 protruding over the closed
edge area 134 of the flange portion 130 of the filter frame
118. Furthermore, the closed edge area 134 provides a
positioning hole 160 in the middle of its upper and lower
edges. The positioning hole 160 serving as a positioning
means, when the filter element 154 is mounted to a re-
spective filter wall 108 as it is depicted in Fig. 34.
[0052] Figs. 30 to 32 show a (second) v-shaped filter
element 156 of a type B. This type-B filter element 156
also includes a filter frame 118 and a v-shaded filter me-
dium 128 located therein. In contrast to the filter element
154 of type A the filter element 156 of type B is charac-
terised by the filter medium 128 being installed reversely
compared to the filter element 154 of type A (viewed in
flow direction). In other words, the filter element 156 is
to be mounted to the filter wall 108 as an upstream ver-
sion, i.e. the v-form of the v-shaped filter medium 128
will be directed to the upstream or raw gas/dirty side 122
when the filter element 154 is finally mounted at the filter
wall 108 (see Figs. 35 to 37).
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[0053] Similar to the filter element 154 the filter element
156 provides inlets and outlets, however here in the form
of two inlet openings 126 directed to the dirty side 122
and one outlet opening 127 directed to the clean side
124. The outlet opening 127 forms the center of a rec-
tangular flange portion 130 which is partially stepped by
means of a protrusion 157 on its upper and lower rims.
[0054] On the rectangular close edge area 134 of the
flange portion 130 of the filter frames 118 of the filter
element 156 a seal 120 is provided on its upper and lower
horizontal edge and on its vertical left and right edges,
each in the form of a linear gasket 168. Thus, the seal
120 surrounds the closed edge area 134.
[0055] In Fig. 33 the filter wall 108 for mounting the
filter elements 154 and 156 is shown. This filter wall 108
includes horizontally directed support beams or holding
beams 159 which extend from one side of the corre-
sponding filter house 110 and its filter wall 108 to the
other side. The holding beams 159 thus presenting hor-
izontal rows at which filter elements 154 and 156 can be
mounted side by side in an alternating manner.
[0056] As can be seen in Fig. 34, at first the filter ele-
ments 154 are mounted to the holding beams 159 on the
dirty side 122 of the holding beams, the filter media pack-
ets 132 thereby being directed to and located in the clean
side 124 of the filter house 110. As they are mounted,
the filter elements 154 are positioned by means of their
positioning holes 160 at corresponding positioning pins
162, which are provided at each of the holding beams
159.
[0057] Thereafter, the filter elements 156 are mounted
to the filter wall 108, each filter element 156 being posi-
tioned between two neighboured filter elements 154. The
filter elements 156 are again mounted to the dirty side
122 of the holding beams 159, however, the filter media
packets 132 of the filter elements 156 being directed to
and located in the dirty side 122, too.
[0058] After having mounted the filter elements 156,
the filter wall 108 is finally closed by means of side clo-
sures 161 (see Fig. 36), which are attached to the left
and right side portions of each of the rows between two
holding beams 159 in order to overlap a tolerance space
163 up to the filter wall 108.
[0059] Referring to Fig. 38 and 39 the sealing arrange-
ment of the v-shaped filter elements 154 and 156 of types
A and B at the holding beams 159 of the filter wall 108
is depicted. As can be seen, the gasket overlap 158 of
the filter elements 154 helps to seal against the bordering
gasket 168 of the protrusion 157 of the filter element 156
lying beside.

List of reference numbers:

[0060]

100 filter
102 type A cartridge filter
104 type B cartridge filter

106 v-shaped filter element
108 filter wall or partition wall
110 filter house of flow channel
112 raw gas/dirty area
114 clean gas/clean area
116 opening of filter wall
118 filter frame
120 seal
122 raw gas/dirty side
124 clean gas/clean side
126 inlet opening in filter frame
127 outlet opening in filter frame
128 filter medium
129 filter edge
130 flange portion
132 filter media packet
134 closed edge area of flange portion
136 horizontal row
138 vertical row
140 flow direction
142 wall of filter house
144 access door
146 inflow opening
148 outflow opening
150 adapter plate
151 front mounting surface
152 opening within adapter plate
153 rear mounting surface
154 filter element (v-shaped), downstream version
155 closed edge area of adapter plate
156 filter element (v-shaped), upstream version
157 protrusion at flange portion
158 gasket overlap
159 holding beam
160 positioning hole
161 side closure
162 positioning pin
163 tolerance space
166 gasket of downstream filter
168 gasket of upstream filter

Claims

1. Filtration system, in particular for the cleaning of the
intake air of a gas turbine, with a flow channel (110)
surrounded by walls (142) with an inflow opening
(146) and an outflow opening (148), a partition wall
(108) which is positioned between the inflow opening
(146) and the outflow opening (148) and limited by
the walls (142) of the flow channel (110) with at least
two filters (100, 106, 156) for the cleaning of a fluid
which flows through the flow channel (110), wherein
at least one first filter (100, 106, 156) which consti-
tutes one single mounting unit is mounted on the
partition wall (108) and at least one second filter (100,
106, 156) which again constitutes one single mount-
ing unit is mounted on the partition wall (108),
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characterised in that the second filter (100, 106,
156) is lying beside the first filter (100, 106, 156) and
the first and the second filters (100, 106, 156) overlap
at least partially in one direction largely vertically to
the partition wall (108).

2. Filtration system according to Claim 1,
characterised in that the area in which frames (118)
of the first and the second filters (100, 106, 156) over-
lap in one direction largely vertically to the partition
wall (108) amounts to at least 5% of an overall pro-
jected area of filtration at the partition wall (108).

3. Filtration system according to Claim 1 or 2,
characterised in that the filters (100, 106, 156) are
arranged in at least one row (136) at the partition
wall (108) and the filters (100, 106, 156) of the one
row (136) are alternately protruding into the dirty side
(122) and the clean side (124) of the partition wall
(108).

4. Method for cleaning the intake air of a gas turbine
by means of a flow channel (110) surrounded by
walls (142) with an inflow opening (146) and an out-
flow opening (148), a partition wall (108) which is
positioned between the inflow opening (146) and the
outflow opening (148) and limited by the walls (142)
of the flow channel (110) with at least two filters (100,
106, 156) for the cleaning of a flowing fluid, charac-
terised in that at least one first filter (100, 106, 156)
which constitutes one single mounting unit is mount-
ed on the partition wall (108) and at least one second
filter element (100, 106, 156) which again constitutes
one single mounting unit is mounted on the partition
wall (108), characterised in that the second filter
(100, 106, 156) is lying beside the first filter (100,
106, 156) and the first and the second filters (100,
106, 156) are installed in one direction largely verti-
cally to the partition wall (108) so that they overlap
at least partially.

5. Method according to Claim 4,
characterised in that the area in which frames (118)
of the first and the second filters (100, 106, 156) over-
lap in one direction largely vertically to the partition
wall (108) amounts to at least 5% of an overall pro-
jected area of filtration at the partition wall (108).

6. Method according to Claim 4 or 5,
characterised in that the filters (100, 106, 156) are
arranged in at least one row (136) at the partition
wall (108) and the filters (100, 106, 156) of the one
row (136) are alternately protruding into the dirty side
(122) and the clean side (124) of the partition wall
(108).

7. Filter set with at least one first filter (100, 106, 156)
which constitutes one single mounting unit adapted

to be mounted on a partition wall (108) of a filter
system according to one of the Claims 1 to 3, and
with at least one second filter (100, 106, 156) which
again constitutes one single mounting unit adapted
to be mounted on the partition wall (108) according
to one of the Claims 1 to 3.

8. Filter set according to claim 7,
characterised in that the second filter (100, 106,
156) is designed with a filter frame (118) whose re-
lated filter medium (128) is installed reversely com-
pared to the first filter (100, 106, 156), viewed in di-
rection of fluid flow through the partition wall (108).

21 22 



EP 3 511 548 A1

13



EP 3 511 548 A1

14



EP 3 511 548 A1

15



EP 3 511 548 A1

16



EP 3 511 548 A1

17



EP 3 511 548 A1

18



EP 3 511 548 A1

19



EP 3 511 548 A1

20



EP 3 511 548 A1

21



EP 3 511 548 A1

22



EP 3 511 548 A1

23



EP 3 511 548 A1

24



EP 3 511 548 A1

25



EP 3 511 548 A1

26



EP 3 511 548 A1

27



EP 3 511 548 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 511 548 A1

29

5

10

15

20

25

30

35

40

45

50

55



EP 3 511 548 A1

30

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 1674144 A [0026] • WO 2012038317 A [0031]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

